doi: 10.2169/internalmedicine.8136-21
Intern Med 61: 1633-1643, 2022
http://internmed.jp

Internal Medicine

The Japanese Society of Internal Medicine

[ ORIGINAL ARTICLE ]

The Frequency and Amount of Fish Intake Are Correlated
with the White Blood Cell Count and Aerobic Exercise
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Abstract:

Objective We investigated the relationship between the amount and frequency of fish intake, and the white
blood cell (WBC) count and aerobic exercise habits.

Methods We conducted a cross-sectional study between April 2019 and March 2020 at the Health Planning
Center of Nihon University Hospital on a cohort of 8,981 male subjects.

Results The average amount and frequency of fish intake were 134+85 g/week and 2.14+1.28 days/week,
respectively. The WBC count decreased significantly as the amount of fish intake increased (p<0.0001). Ac-
cording to a multivariate regression analysis, a high fish intake amount (f=-0.082, p<0.0001) and regular
aerobic exercise (f=-0.083, p<0.0001) were independent determinants of a low WBC count. The proportion
of subjects engaged in regular aerobic exercise increased with an increase in the amount of fish intake (p<
0.0001). Furthermore, the amount and frequency of fish intake significantly correlated with the amount of n-3
polyunsaturated fatty acid intake determined using the Japan’s National Nutrition Survey results (both r=
0.962 and 0.958). Therefore, the amount of fish intake could be substituted by the average number of days of
fish intake per week.

Conclusion A high fish intake was an independent determinant of a low WBC count and engagement in
regular aerobic exercise, regardless of whether the fish intake was defined by the amount or frequency of fish
intake. However, since fish intake frequency can be measured more easily, this may be used to measure the
fish intake.
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(n-3 PUFA), which had anti-inflammatory activity, was asso-

Introduction

Chronic low-grade inflammation is associated with athero-
sclerosis. Inflammatory cells such as white blood cells
(WBC) play an essential role in the development of athero-
sclerosis in the arterial vessel wall (1). Thus, an elevated
WBC count is associated with an increased risk for cardio-
vascular diseases (2).

Epidemiological studies have demonstrated that an in-
creased intake of fish rich in n-3 polyunsaturated fatty acid

ciated with a decreased risk for atherosclerotic cardiovascu-
lar diseases (ASCVD) (3-5). In addition, numerous pub-
lished studies have reported that consuming non-fried sea-
food, especially those rich in n-3 PUFA, once or twice a
week conferred cardiovascular benefits (6).

We recently showed that frequent fish intake that meas-
ured by the average number of days of fish intake per week
was an independent determinant of a reduced WBC count
and an improvement in the serum lipid profile. Moreover,
frequent fish intake was associated with regular aerobic ex-
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Past medical history of ASCVD (n=320)

No records of frequency of fish intake (n=138)

No records of WBC count (n=22)

WBC count 29,000 cells/pL (n=148)

Drug use for hypertension (n=1,470), dyslipidemia
(n=932), diabetes mellitus (n=423), and
hyperuricemia (n=449)

Serum triglyceride level 2400 mg/dL (n=113)

Some subjects who were excluded
met more than one exclusion criterion

c

o

=]

3

-jE 1,1673 subjects underwent health checkups at the

S Nihon University Hospital Health Planning Center

k=] from Aprill, 2019, to March 31, 2020

Exclusion

.

Qo .

£

c .

9]

8 .

Q

(%] .

c

kel

wv

b=

s}

£

[ n=8,981

Subjects included in the study analysis ]

Figure 1. Flow diagram of the study participants. ASCVD: atherosclerotic cardiovascular disease,

WBC: white blood cell

ercise habits, which indicates a healthy lifestyle (7-9). How-
ever, it was unclear whether the self-reported frequency of
fish intake obtained from the questionnaire accurately re-
flected the amount of fish intake. Moreover, the frequency
of fish intake as a general measure of fish intake may lead
to some misinterpretations of the study results.

Large-scale cohort studies verified the protective effect of
fish intake measured by the amount or frequency of fish in-
take on coronary artery disease development (CAD) (4).
These studies showed that an increase in the amount and
high frequency of fish intake reduced the risk for CAD.
However, only a few studies have simultaneously examined
the suppressive effect of the amount and frequency of fish
intake as surrogate markers for ASCVD.

We hypothesized that an increase in the amount and fre-
quency of fish intake is related to a reduction of WBC count
and an increase in the likelihood of engaging in regular
aerobic exercises. Moreover, the amount and frequency of
fish intake as measures of overall fish intake result in simi-
lar findings. Therefore, the accuracy of fish intake fre-
quency, which can be easily obtained from the study partici-
pants, can be considered an indicator of fish intake.

This study aimed to examine the relationship between the
amount and frequency of fish intake, WBC count, and aero-
bic exercise habits and discuss the significance of using the
two measurements for fish intake, the amount and the fre-
quency.

Materials and Methods

Study design and study populations

In this cross-sectional study, we investigated the associa-
tion of the average fish intake per week to measure the
amount of fish intake: the average number of days of fish

intake per week to measure the frequency of fish intake, and
aerobic exercise on the WBC count in healthy Japanese sub-
jects.

Among 11,673 Japanese subjects who underwent their an-
nual health checkups between April 2019 and March 2020
at the Health Planning Center of Nihon University Hospital,
we included 8,981 healthy males in this study. The exclu-
sion criteria were as follows: unwilling to provide consent
for participation in the study; current intake of lipid-
modifying, antihypertensive, antidiabetic, and antihyperu-
ricemic drugs; positive history of ASCVD; a serum triglyc-
eride level of 2400 mg/dL or a blood WBC count of 29,000
cells/uL, which is suggestive of infection; and no record on
the frequency of fish intake. Fig. 1 shows the flow diagram
for the selection of study participants.

The primary endpoint of the study was the relationship
between fish intake (amount and frequency), daily aerobic
exercise, and the WBC count. The secondary endpoint was
the association between two indices of fish intake and daily
aerobic exercise on WBC count. Furthermore, to determine
the correlation between the amount and the frequency of
fish intake, we examined the relationship between these two
indices of fish intake based on the intake of n-3 PUFA ob-
tained from the National Institute of Health and Nutrition
based on the National Nutrition Survey results from the
Ministry of Health and Welfare of Japan (10, 11).

This study was conducted in accordance with the ethical
principles of the 1964 Declaration of Helsinki and its
amendments. The Nihon University Hospital Ethics Commit-
tee approved the design and objectives. The study was retro-
spectively registered on February 1, 2020 with a Clinical
Trial Registration of UMIN (http://www.umin.ac.jp/) (study
ID: UMIN000039197).
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Questionnaire to determine health behaviors

Trained interviewers conducted health behavior surveys at
our institute via face-to-face interviews with the subjects.
The surveys consisted of comprehensive questions designed
to assess the subject’s demographic and socioeconomic char-
acteristics, including age, occupation, marital status, lifestyle
behavior, medications, and medical and family history.

The subjects who underwent health checkups were given
the lifestyle questionnaire and asked to provide appropriate
responses. These questions are similar to the self-reported
questionnaire described in our previous study (7-9).

1. Smoking habit: Do you smoke regularly? - No/ Yes/ I
have quit smoking/ I quit smoking (_) years ago.

2. Drinking habit: Please indicate the frequency at which
you drink - every day/ sometimes/ I used to drink, but have
stopped drinking/ I stopped drinking (_) years ago/ I drink
rarely/ I cannot drink; How much do you drink daily? [etha-
nol equivalent (g/day)]: <20 g/20 to <40 g/40 to <60 g/>60 g:
How many days per week do you drink?

3. Aerobic exercise habit: Do you exercise in a manner
that makes you sweat slightly for 30 minutes a day at least
twice a week for one year?

4. Fish intake: On average, how many days per week do
you eat fish in the past month? Fish intake was assessed in
weekly frequencies in the questionnaire (0, 1, 2, 3, 4, 5, 6,
and approximately every day).

The questionnaire was a modified version of the Ques-
tionnaire on Specific Health Examination, which was used
for specific health guidance during health checkups under
the jurisdiction of the Ministry of Health, Labor and Welfare
(MHLW) in Japan (12). The questionnaire mentioned above
was an excerpt of questions relevant to this study from our
institution’s questionnaire (Supplementary material 1).

Assessment of estimated weekly average amount of
fish intake

The National Nutrition Survey, led by the MHLW in Ja-
pan, has a standardized method of data collection and estab-
lished quality control (13-15). Based on this survey record,
the National Health and Nutrition Survey of Japan estimated
the average daily amount of fish intake according to age
group by estimating the “net food supply per person yearly
of fish products for human consumption” based on domestic
fish production, import and export information, changes in
stocks, and population, among others. (Supplementary mate-
rial 2) (10, 16). Then, we calculated the estimated weekly
average amount of fish intake as follows:

The estimated weekly average amount of fish intake

= daily average amount of fish intake according to age
x weekly average number of days of fish intake

We categorized the weekly average amount of fish intake
into seven variables: (1) <50 g/week; (2) 250 g/week but
<100 g/week; (3) 2100 g/week but <150 g/week; (4) 2150
g/week but <200 g/week; (5) 2200 g/week but <250 g/week;
(6) 2250 g/week but <300 g/week; and (7) 2300 g/week.

Assessment of the estimated weekly average
amount of estimated n-3 PUFA

We calculated the estimated weekly intake of n-3 PUFAs
similar to the previously described method of calculating the
amount of fish intake by age and sex per week. That is,
based on the National Institute of Health and Nutrition, Sec-
tion of the National Nutrition and Health Survey record
(Supplementary material 3) (11), we calculated the estimated
weekly average amount of n-3 PUFA as follows:

The estimated weekly average amount of n-3 PUFA

= daily average amount of n-3 PUFA according to age
x weekly average number of days of fish intake

Health examinations and blood samples

We measured the anthropometric variables of the subjects
in a standing position using standardized techniques and
equipment such as height and weight. Then, we calculated
the body mass index by dividing the body weight, in kilo-
grams, by the height, in meters, squared (kg/m®). Next, us-
ing a standard mercury sphygmomanometer, blood pressure
was measured twice - the first reading after a five-minute
rest period and the second was after 3 minutes. We used the
average of the first and second measurements in our analy-
sis. Fasting blood samples were collected early in the morn-
ing after the subjects fasted for eight hours. At the central
clinical laboratory of our institute, WBC count was deter-
mined using the Beckman Coulter STKS (Beckman Coulter
Fullerton, USA).

Statistical analyses

Data were expressed as the mean + standard deviation for
continuous variables and as percentages for discrete vari-
ables.

A subset analysis to compare continuous variables accord-
ing to the WBC count group was performed using one-way
analysis of variance (ANOVA). We applied the Tukey-
Kramer adjustment and Games-Howell adjustment as a post
hoc analysis for covariates if there were differences in pa-
tient characteristics or laboratory profiles. We subsequently
performed the chi-square test to compare categorical vari-
ables.

We performed a univariate linear regression analysis using
WBC count as the dependent variable, and age, body mass
index, serum lipid, blood pressure, heart rate, hemoglobin A
lc, fasting blood glucose level, uric acid level, and lifestyle
behavior, which was measured as the average weekly
amount of fish intake, the presence or absence of a cigarette
smoking habit, and the aerobic exercise habit, as independ-
ent variables (model 1). Similarly, univariate and multivari-
ate linear regression analyses were performed using the
weekly average number of days of fish intake as dependent
variables (model 2). Factors identified as significant were
those with a p<0.05 in the univariate linear regression analy-
sis. They were subsequently included in the multivariate lin-
ear regression analysis model. A two-way ANOVA was used

1635



Intern Med 61: 1633-1643, 2022 DOI: 10.2169/internalmedicine.8136-21

Table 1. Subject Characteristics and Laboratory Profiles according to the WBC Count as a Categorical Variable.
WBC count
All cases Group 1 Group 2 Group 3 Group 4 Group 5
(n=8,981)  (n=1,810) (n=1,819)  (n=1,741)  (n=1,883) (n=1,728) p value
WBC count 1,700-3,800 3,900-4,400 4,500-5,000 5,100-5,900 6,000-8,900
(range)
(cells/uL)
Male/female, n (%) 5,295 (59.0)/ 1,044 (57.7) 1,051 (57.8)/ 1,042(59.9)/ 1,114(59.2) 1,044 (60.4)  0.356
3,866 (41.0) 766 (4.3) 768 (42.2) 699 (40.1) 769 (40.8) 664 (39.6)
Age (years) 46.9+12.9 46.7+13.2 46.1+13.1 46.9+12.6 46.9+12.7 47.3%13.0 0.547
Age group, years, n (%) 0.434
20-<30 914 (10.2) 201 (11.1)  203(11.2)  162(9.3) 181 (9.7) 167 (10.2)
30-<40 1,826 (20.3)  362(20.0)  373(20.5) 370(20.3) 389 (21.3) 332 (18.2)
40-<50 2,404 (26.8) 497 (20.7)  472(19.6)  461(19.2) 509 (21.2) 465 (19.3)
50-<60 2,170 (24.4) 402 (18.5) 433 (20.0) 451 (20.8) 463 (21.3) 421 (19.4)
60-<70 1,369 (15.2) 286 (15.8) 285 (20.8) 238 (17.4) 276 (20.2) 284 (20.7)
>70 298 (3.3) 62 (3.4) 53(2.9) 59 (3.4) 65 (3.5) 59 (3.4)
eGFR (mL/min/1.73 m?) 78.1x14.8 77.8+14.6 78.0+£14.7 77.4+15.0 77.6+£14.4 78.1+14.2 0.685
Cardiometabolic risk
Body mass index (kg/m?) 22.2+3.8 23.3+3.8 23.4+3.8 23.2+3.9 23.1£3.6 23.2+3.8 0.261
TC (mg/dL) 201.0+£33.4  200.8+33.3  200.3+£33.9 201433 200.4+33.5 202.7+£33.6 0.188
LDL-C (mg/dL) 117.9+29.8  117.0£29.6  116.6£2.99  117.1£29.7 116.1+29.7 117.8+£29.8 0.460
HDL-C (mg/dL) 62.5+15.9 62.4+15.7 62.1+15.9 62.0+15.6 62.7+16.0 63.0+13.4 0.273
TG (mg/dL) 97.1+£58.7 96.4+58.0 97.8+60.2 97.1+58.1 96.4+58.5 97.7+60.0 0.908
Non-HDL-C (mg/dL) 138.5+£33.2  138.3+32.9  138.3£33.5  138.9+33.1 137.6+33.3 139.7+33.2 0.422
sBP (mmHg) 118.1£15.0 117.7x14.5 118.2x14.4 117.8x14.4 118.4+14.3 118.4+14.9 0.602
dBP(mmHg) 75.1£11.6 74.9+11.8 75.011.7 75.0£11.5 75.1£11.5 75.4+11.6 0.734
Pulse rate (bpm) 72.0+£10.8 71.9+10.9 71.9+11.0 72.0+10.7 71.9+£10.8 72.1£10.6 0.982
HbAlc (%) 5.74+0.55 5.74+0.53 5.72+0.51 5.74+0.54 5.75+0.59 5.74+0.59 0.746
FBG (mg/dL) 98.9+£16.3 98.9+16.2 98.6x15.1 98.7£15.7 99.0+17.2 99.1£17.3 0.902
Uric acid (mg/dL) 5.63x1.39 5.59+1.39 5.64+1.39 5.63x£1.35 5.63+£1.39 5.68+1.42 0.638
CRP (mg/dL) 0.03 0.02 0.03 0.03 0.04 0.07 <0.0001
(0.02/0.08)  (0.01/0.04)  (0.02/0.06) (0.02/0.07)> (0.02/0.10)*-¢ (0.03/0.17)>-e.&.h
Lifestyle behaviors
Frequency of fish intake (days/week)  2.14+1.28 2.36x1.35 2.19+£1.282  2.10+1.23>  2.05+1.22b-¢ 1.97+1.26> =1 <0.0001
Amount of fish intake (g/week) 134+85 148491 137+862 132+82b 129+82b-¢ 124+83b.¢ <0.0001
Cigarette smoking habit, n (%) 1,313 (14.6)  133(7.3)  195(10.7)  251(14.4)  342(18.2) 392(22.7)  <0.0001
Aerobic exercise habit, n (%) 2,090 (23.3) 501(27.7)  458(25.2)  416(23.9) 393 (20.9) 322 (18.6)  <0.0001

eGFR: estimated glomerular filtration rate, TC: total cholesterol, LDL: low-density lipoprotein, HDL: high-density lipoprotein, TG: triglyceride, sBP: systolic

blood pressure, dBP: diastolic blood pressure, Hb: hemoglobin, FBG: fasting blood glucose, CRP: C-reactive protein

The amount of fish intake was defined as the average amount of fish intake per week. The frequency of fish intake was defined as an average number of days of

fish intake per week. Aerobic exercise habit was defined as performing aerobic exercise more than 30 minutes at least twice per week.
ANOVA and post hoc tests with Tukey-Kramer correction and Games-Howell correction were performed to test between-group differences.

4p<0.05, Pp<0.0001 vs. G1

¢p<0.05, 4p<0.001, ¥p<0.0001 vs. G2
fp<0.05, £p<0.0001 vs. G3
hp<0.0001 vs. G4

to confirm the interaction between the amount and fre-
quency of fish intake, and lifestyle behaviors (aerobic exer-
cise habit and cigarette smoking habit) on the WBC counts.
A regression analysis was performed using the linear regres-
sion model and the estimate of Spearman’s correlation coef-
ficients.

We conducted all statistical analyses in this study using
the SPSS software program, version 24 for Windows (SPSS
Chicago, USA).

Results

Subjects

Population characteristics and the laboratory profiles ac-
cording to WBC count as a categorical variable are shown
in Table 1. Fig. 2 shows the average weekly amount of fish
intake and average number of days per week of fish intake.
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Figure 2. Frequency distribution of fish intake. A: weekly average amount of fish intake. B: weekly
average numbers of days of fish intake. The average amount and frequency of fish intake were 134+85

g/week and 2.14+1.28 days/week, respectively.

Comparison of the subject characteristics and labo-
ratory profiles according to WBC count

The serum C-reactive protein (CRP) level increased sig-
nificantly as the WBC count increased (p<0.0001). The fre-
quency of fish intake decreased significantly as the WBC
count increased (p<0.0001). Similarly, the amount of fish in-
take decreased significantly as WBC count increased (p<
0.0001). As the WBC count increased, the proportion of
subjects who smoked increased significantly (p<0.0001),
while those who regularly engaged with aerobic exercise de-
creased significantly (p<0.0001). No significant association
was observed between the WBC count and other variables
(Table 1).

The WBC count, regular aerobic exercise, and the
amount and frequency of fish intake

As shown in Fig. 3-1, the WBC count was compared with
the amount and frequency of fish intake. The WBC count
decreased significantly as the amount of fish intake in-
creased (p<0.0001 for trend) (Fig. 3A). Similarly, the WBC
count tended to decrease as the frequency of fish intake in-
creased (p<0.0001 for trend). (Fig. 3B). Moreover, as the
amount and frequency of fish intake increased, the propor-
tion of subjects engaged in regular aerobic exercise in-
creased significantly (both p<0.0001 for trend) (Fig. 4A, B).
However, the serum CRP levels, which were similar to the
WBC counts over time, were not significantly related to the
amount of fish intake or frequency of fish intake (data not
shown).
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Figure 3. Association between the WBC count and fish intake. WBC: white blood cell. A: weekly
average amount of fish intake. B: weekly average numbers of days of fish intake

Factors influencing the WBC count

As shown in Table 2, the amount of fish intake was nega-
tively correlated with the WBC count (r=-0.092, p<0.0001).
Lifestyle indicators, such as cigarette smoking (r=0.154, p<
0.0001) and aerobic exercise (r=-0.077, p<0.0001), were sig-
nificantly associated with an increased WBC count. These
factors were included in the multivariate linear regression
analysis model, which identified an increased amount of fish
intake as an independent determinant of a low WBC count
(B=-0.082, p<0.0001). Additionally, the aerobic exercise
habit was an independent determinant of a low WBC count
(B=-0.083, p<0.0001). Furthermore, cigarette smoking was
an independent determinant of an increased WBC count (B=
0.147, p<0.0001) (model 1).

A similar analysis was performed with the frequency of
fish intake as the independent variable. The analysis showed
that the frequency of fish intake was an independent deter-
minant of low WBC count (f=-0.087, p<0.0001) (model 2).
Thus, the amount and frequency of fish intake were signifi-
cantly independent negative determinants of the WBC count,
even after adjusting for cigarette smoking habit. These
analyses indicated that fish intake and lifestyle behavior
were independent determinants of WBC count. The relation-
ship between the frequency and amount of fish intake and
the proportion of subjects with cigarette smoking habits are
shown in Fig. 3-3.

Furthermore, as shown in Fig. 4, 5, there was a signifi-
cant correlation between the two indices of fish intake and
lifestyle behaviors (aerobic exercise habit and cigarette
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Figure 4. Association between aerobic exercise habit and fish intake. A: weekly average amount of

fish intake. B: weekly average numbers of days of fish intake. Aerobic exercise habit was defined as

performing aerobic exercise >30 minutes at least twice per week.

smoking habit); therefore, they could confound the associa-
tion between the two indices of fish intake and WBC count.
However, a two-way ANOVA revealed the absence of an in-
teraction between the following two indices of fish intake
and aforementioned lifestyle behaviors with respect to the
relationship with the WBC count: (1) the amount of fish in-
take vs. aerobic exercise habit, amount of fish intake vs.
cigarette smoking habit, aerobic exercise habit vs. cigarette
smoking habit, amount of fish intake vs. aerobic exercise
habit vs. cigarette smoking habit (p=0.399, 0.808, 0.229 and
0.307, respectively) and (2) the frequency of fish intake vs.
aerobic exercise habit, the frequency of fish intake vs. ciga-
rette smoking habit, aerobic exercise habit vs. cigarette
smoking habit, the frequency of fish intake vs. aerobic exer-
cise habit vs. cigarette smoking habit (p=0.505, 0.254, 0.596

and 0.997, respectively). Thus, these analyses indicate that
lifestyle behaviors, and the two indices of fish intake, were
independent determinants of the WBC count.

Fish intake and n-3 PUFA intake

We examined the correlation between the amount and fre-
quency of fish intake and the n-3 PUFA intake. As shown in
Fig. 6, the weekly average amount of fish intake and the
weekly average number of fish intake measured in days
were significantly correlated with the amount of estimated
n-3 PUFA intake.

Discussion

This cross-sectional study found that the average fre-
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Table 2. Univariate and Multivariate Linear Regression Analysis to Identify the WBC Count.

Dependent variable: WBC count Model 1 (n=8,981)

Dependent variable: WBC count Model 2 (n=8,981)

Univariate Multivariate Univariate Multivariate

r p value B p value r p value B p value
Age 0.015 0.148 Age 0.015 0.148
Male gender 0.018  0.096 Male gender 0.018  0.096
eGFR 0.010 0.374 eGFR 0.010 0.374
Body mass index -0.015 0.160 Body mass index -0.015 0.160
TC 0.013  0.209 TC 0.013  0.209
LDL-C 0.003  0.750 LDL-C 0.003  0.750
HDL-C 0.018  0.085 HDL-C 0.018  0.085
TG -0.001  0.900 TG -0.001  0.900
Non-HDL-C 0.008  0.470 Non-HDL-C 0.008 0.470
sBP 0.010 0.357 sBP 0.010  0.357
dBP 0.011 0.295 dBP 0.011 0.295
Pulse rate 0.004 0.725 Pulse rate 0.004  0.725
HbAlc 0.003  0.776 HbAlc 0.003  0.776
FBG 0.005  0.646 FBG 0.005 0.646
Uric acid 0.015 0.195 Uric acid 0.015 0.195

Lifestyle behaviors Lifestyle behaviors

Amount of fish intake -0.092 <0.0001 -0.082  <0.0001 Frequency of fish intake -0.092 <0.0001 -0.087 <0.0001
Cigarette smoking habit 0.154 <0.0001 0.147  <0.0001 Cigarette smoking habit ~ 0.154 <0.0001 -0.146  <0.0001
Aerobic exercise habit  -0.077 <0.0001 -0.083  <0.0001 Aerobic exercise habit -0.077 <0.0001 -0.061 <0.0001

Multiple R=0.187, F=108.030, p<0.0001

Multiple R=0.189, F=110.452, p<0.0001

Abbreviations are as in Table 1. r: correlation coefficient, B: standard partial regression coefficient

The amount of fish intake was defined as an average amount of fish intake per week.

The frequency of fish intake was defined as an average number of days of fish intake per week.

Aerobic exercise habit was defined as performing aerobic exercise more than 30 minutes at least twice per week.

quency of fish intake, measured in days per week, and aver-
age amount of fish intake per week were independent deter-
minants of the WBC count. Moreover, aerobic exercise
habit, which increased with an increase in the amount and
frequency of fish intake, was an independent determinant of
low WBC count. Moreover, we obtained similar results us-
ing both measures of fish intake (amount and frequency).
Since the frequency of fish intake can be more easily ob-
tained from a questionnaire than the amount of fish intake;
therefore, it can be used as a general measure of fish intake.

As shown in Fig. 6, the positive association between the
amount and frequency of fish intake and the amount of n-3
PUFA intake, which had cardioprotective and anti-
inflammatory effects (5, 17-20), suggested that the two
measures of fish intake had a similar amount of n-3 PUFA
intake. It may be presumed that this phenomenon accounted
for the similar anti-inflammatory effects of both a high
amount and a high frequency of fish intake. In other words,
the amount and frequency of fish intake may be equivalent
indicators of anti-inflammatory activity. We already reported
that the elevation of the eicosapentaenoic acid/arachidonic
acid ratio, which can be derived from the daily fish intake,
was an independent predictor of a reduced WBC count, in-
dicating low-grade chronic inflammation (21). This report
may support our results.

We obtained similar results using the two measures of
fish intake in a relatively large cohort, which increased the

validity of our results. Therefore, the amount and frequency
of fish intake had a positive correlation. Several large cohort
studies that investigated the protective effects of fish intake
on CAD calculated the amount of fish intake based on the
average number of fish intake, measured in days per
week (3, 4). As shown in Fig. 2, in a study with a large
sample size, the frequency distribution of each category of
fish intake was nearly equal. Thus, the amount and fre-
quency of fish intake can be measures of fish intake with
equivalent results. There may be no difference in the out-
come, even in a study with the same subjects.

Several studies have reported that a dietary habit involv-
ing a high fish intake was positively related to a healthy
lifestyle, such as regular aerobic exercise and no cigarette
smoking habit (22-24). The present study showed that the
three measures of fish intake, aerobic exercise habit, and
cigarette smoking habit were independent determinants of
WBC count. The suppressive effect of fish intake on
ASCVD development was attributed to the additive or syn-
ergistic effects of high fish intake and a healthy lifestyle on
atherosclerosis progression (25, 26). Furthermore, we con-
firmed that fish intake, an aerobic exercise habit, and a ciga-
rette smoking habit do not interact with each other in rela-
tion to the WBC count. We showed that each factor is inde-
pendently associated with the WBC count. If an allocation
test with fish intake as an intervention was conducted, it was
unlikely that the fish intake group’s lifestyle would have
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Figure 5. Association between cigarette smoking habit and fish intake. A: weekly average amount
of fish intake. B: weekly average numbers of days of fish intake.

changed.

The results of analyses in this study showed no significant
difference in any association or outcome regardless of the
measure of fish intake that the investigators used. However,
if the study focused on eating habits with high fish intake
and other lifestyle habits, it may be better to use the average
number of fish intake measured in days per week rather than
measuring the average amount of fish intake per week.
Moreover, the frequency of fish intake can be more easily
obtained than the amount of fish intake. Therefore, to meas-
ure the frequency of fish intake can be more useful in rela-
tively large-scale studies. The frequency of weekly fish in-
take necessary to prevent cardiovascular events was recom-
mended in a scientific statement by the American Heart As-
sociation to be once to twice a week (6). However, it is nec-

essary to evaluate various outcomes to examine the useful-
ness of this measure of fish intake. However, the two indices
of fish intake may both be generally useful. The decision of
which index to use for fish intake should consider other fac-
tors, such as research facilities, study design, and the situ-
ation.

This study is associated with several limitations. First,
since this was a cross-sectional study, there were no causal
associations established. Second, the amount of fish and n-3
PUFA intake in this study was recalculated by the National
Institute of Health and Nutrition based on data obtained
from a national nutrition survey conducted under the initia-
tive of the NHLW on a randomly selected population. This
provided reliable data, but it may not have accurately re-
flected the actual fish intake and n-3 PUFA intake of the
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Figure 6. Relationship between fish intake and amount of n-3 PUFAs intake. PUFA: polyunsatu-

rated fatty acid

subjects. Third, the present study failed to find an associa-
tion between the serum CRP levels, a predictive marker of
ASCVD, and fish intake. We aim to elucidate this mecha-
nism in a future study. Finally, it may have been beneficial
to prepare a detailed internationally standardized question-
naire (27, 28) or used standard variables to facilitate interna-
tional comparisons (lifestyle, dietary habits, and physical ac-
tivity).

Conclusion

A high fish intake is an independent determinant of low
WBC counts and aerobic exercise habits (regardless of
whether it is defined as the average weekly amount of fish
intake or the weekly average number of days of fish intake).
These results suggest that frequency can be obtained more
easily than the amount of fish intake; hence, it can be used
as a substitute for the amount of fish intake. However, we
propose that it should be selected according to the research
design, facilities, and situation to measure fish intake.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement
We would like to thank the medical staff at the Health Plan-
ning Center of Nihon University Hospital.

References

1. Ross R. Atherosclerosis - an inflammatory disease. N Engl J Med
340: 115-126, 1999.

2. Madjid M, Awan I, Willerson JT, Casscells SW. Leukocyte count
and coronary heart disease: implications for risk assessment. J Am
Coll Cardiol 44: 1945-1956, 2004.

3. Iso H, Kobayashi M, Ishihara J, et al.; JPHC Study Group. Intake
of fish and n3 fatty acids and risk of coronary heart disease
among Japanese: the Japan Public Health Center-Based (JPHC)
Study Cohort I. Circulation 113: 195-202, 2006.

4. Zheng J, Huang T, Yu Y, Hu X, Yang B, Li D. Fish consumption
and CHD mortality: an updated meta-analysis of seventeen cohort
studies. Public Health Nut 5: 725-737, 2012.

10.

11.

12.

13.

14.

1642

. Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular

disease: effects on risk factors, molecular pathways, and clinical
events. J] Am Coll Cardiol 58: 2047-2067, 2011.

. Rimm EB, Appel LJ, Chiuve SE, et al. American Heart Associa-

tion Nutrition Committee of the Council on Lifestyle and Cardi-
ometabolic Health; Council on Epidemiology and Prevention;
Council on Cardiovascular Disease in the Young; Council on Car-
diovascular and Stroke Nursing; and Council on Clinical Cardiol-
ogy. Seafood long-chain n-3 polyunsaturated fatty acids and car-
diovascular disease: a science advisory from the American Heart
Association. Circulation 138: e35-e47, 2018.

. Tani S, Kawauchi K, Atsumi W, et al. Association among daily

fish intake, white blood cell count, and healthy lifestyle behaviors
in an apparently healthy Japanese population: implication for the
anti-atherosclerotic effect of fish consumption. Heart Vessels 36:
924-933, 2021.

. Tani S, Matsuo R, Imatake K, Suzuki Y, Takahashi A, Matsumoto

N. Association of daily fish intake with serum non-high-density
lipoprotein cholesterol levels and healthy lifestyle behaviours in
apparently healthy males over the age of 50 years in Japanese: im-
plication for the anti-atherosclerotic effect of fish consumption.
Nutr Metab Cardiovasc Dis 30: 190-200, 2020.

. Tani S, Matsuo R, Imatake K, et al. Gender differences in the as-

sociations among fish intake, lifestyle, and non-HDL-C level in
Japanese subjects over the age of 50 years: anti-atherosclerotic ef-
fect of fish consumption. Nutr Metab Cardiovasc Dis 31: 1434-
1444, 2021.

The Japanese Ministry of Health, Labour and Welfare (JMHLW).
National health and nutrition survey. [Internet]. [cited 2021 Mar
4]. Available from: https://www.mhlw.go.jp/toukei/itiran/eiyaku.ht
ml (in Japanese)

The Japan National Institute of Health and Nutrition. Daily intakes
of n-3 polyunsaturated fat, 2005-2019 (by gender and age). [Inter-
net]. [cited 2021 Mar 4]. Available from: https://www.nibiohn.go.j
p/eiken/kenkounippon21/eiyouchousa/keinen_henka_eiyou.html (in
Japanese)

The Japanese Ministry of Health, Labour and Welfare (JMHLW).
Specific health checkups and specific Health Guidance. [Internet].
[cited 2021 Mar 4]. Available from: http://tokutei-kensyu.tsushitah
an.jp/manage/wp-content/uploads/2014/05/36ecObcdf91b61a94a122
3627abffe8d.pdf.

Kobayashi E, Okada C, Okada E, Matsumoto M, Murai U,
Takimoto H. Comparison national nutrition surveys between Japan
and other countries. Eiyougaku Zasshi (Jpn J Nutr Diet) 77: 183-
92, 2019 (in Japanese).

Tanaka S, Yoneoka D, Ishizuka A, et al. Projections of disability-



Intern Med 61: 1633-1643, 2022 DOI: 10.2169/internalmedicine.8136-21

15.

16.

17.

18.

19.

20.

21.

22.

adjusted life years for major diseases due to a change in vegetable
intake in 2017-2040 in Japan. BMC Public Health 21: 770, 2021.
National Institute of Health and Nutrition. Section of the national
health and nutrition survey. [Internet]. [cited 2021 Aug 4]. Avail-
able from: https://www.nibiohn.go.jp/eiken/english/research/project
_nhns.html (in Japanese)

The Japan National Institute of Health and Nutrition. Annual
changes in the mean of fish and shellfish intake (by gender and
age group) for fiscal 2018. [Internet]. [cited 2021 Mar 4]. Avail-
able from: https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouc
housa/keinen_henka_syokuhin.html

Ohnishi H, Saito Y. Eicosapentaenoic acid (EPA) reduces cardio-
vascular events: relationship with the EPA/arachidonic acid ratio. J
Atheroscler Thromb 20: 861-877, 2013.

Chiang N, Serhan CN. Specialized pro-resolving mediator net-
work: an update on production and actions. Essays Biochem 64:
443-462, 2020.

Miles EA, Childs CE, Calder PC. Long-chain polyunsaturated
fatty acids (Icpufas) and the developing immune system: A narra-
tive review. Nutrients 13: 247, 2021.

Tani S, Matsuo R, Atsumi W, et al. Higher frequency of fish in-
take may be associated with a lower neutrophil/lymphocyte ratio:
anti-atherosclerotic effects of fish consumption. Ann Nutr Metab
77: 146-153, 2021.

Tani S, Takahashi A, Nagao K, Hirayama A. Association of fish
consumption-derived ratio of serum n-3 to n-6 polyunsaturated
fatty acids and cardiovascular risk with the prevalence of coronary
artery disease. Int Heart J 56: 260-268, 2015.

Wennberg M, Tornevi A, Johansson I, Hornell A, Norberg M,
Bergdahl IA. Diet and lifestyle factors associated with fish con-

23.

24.

25.

26.

27.

28.

sumption in men and women: a study of whether gender differ-
ences can result in gender-specific confounding. Nutr J 11: 101,
2012.

Eguchi E, Iso H, Tanabe N, et al.; Japan Collaborative Cohort
Study Group. Healthy lifestyle behaviours and cardiovascular mor-
tality among Japanese men and women: the Japan collaborative
cohort study. Eur Heart J 33: 467-47, 2012.

Tada N, Maruyama C, Koba S, et al. Japanese dietary lifestyle and
cardiovascular disease. J Atheroscler Thromb 18: 723-734, 2011.
Gillum RF, Mussolino M, Madans JH. The relation between fish
consumption, death from all causes, and incidence of coronary
heart disease. the NHANES 1 Epidemiologic Follow-up Study. J
Clin Epidemiol 53: 237-244, 2000.

Erkkild AT, Lichtenstein AH, Mozaffarian D, Herrington DM. Fish
intake is associated with a reduced progression of coronary artery
atherosclerosis in postmenopausal women with coronary artery
disease. Am J Clin Nutr 80: 626-632, 2004.

Mclaughlin M, Atkin AJ, Starr L, et al.; Sedentary Behaviour
Council Global Monitoring Initiative Working Group. Worldwide
surveillance of self-reported sitting time: a scoping review. Int J
Behav Nutr Phys Act 17: 111, 2020.

Ishihara J, Inoue M, Kobayashi M, et al.; JPHC FFQ Validation
Study Group. Impact of the revision of a nutrient database on the
validity of a self-administered food frequency questionnaire (FFQ).
J Epidemiol 16: 107-116, 2006.

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

© 2022 The Japanese Society of Internal Medicine
Intern Med 61: 1633-1643, 2022

1643



